A crude-oil-degrading, Gram-stain-positive actinobacterial strain, RIPI T , was isolated from a soil sample collected from an oil-contaminated mud pit in Khangiran oil and gas field, in the north-east of Iran. RIPI T was strictly aerobic, catalase-and oxidase-positive. The strain grew with 0-12.5 % (w/v) NaCl (optimum 3-5 %), at 25-55 C (optimum 45 C) and at pH 6.0-9.5 (optimum pH 7.0). The results of 16S rRNA gene sequence comparative analysis indicated that RIPI T represents a member of the genus Prauserella, with high phylogenetic similarity to Prauserella coralliicola SCSIO 11529 T (97.5 %), Prauserella endophytica SP28S-3 T (97.5 %) and Prauserella marina MS498 T (97.2 %). DNA-DNA relatedness values between the novel strain and P. coralliicola DSM 45821 T , P. endophytica DSM 46655 T and P. marina DSM 45268 T were 28 , 19 and 23 %, respectively. The cell wall peptidoglycan of RIPI T contained meso-diaminopimelic acid as the diamino acid and the whole-cell sugars are galactose and arabinose. The polar lipids pattern contained phosphatidylethanolamine, diphosphatidylglycerol, phosphatidylinositol and two unknown phospholipids. Its cellular fatty acids pattern consisted of C 17 : 1 !6c, iso-C 16 : 0 and summed feature 3 (C 16 : 1 !7c and/or iso-C 15 : 0 2-OH), and the major respiratory quinone was MK-9(H 4 ). The G+C content of the genomic DNA was 69 mol%. On the basis of polyphasic taxonomic data we propose that RIPI T represents a novel species of the genus Prauserella, for which the name Prauserella oleivorans sp. nov. is proposed. The type strain of Prauserella oleivorans is RIPI T
The genus Prauserella is a member of the family Pseudonocardiaceae, the single family of the order Pseudonocardiales, and phylogenetically is most closely related to the genus Saccharomonospora [1] . Most species of the genus Prauserella are halophilic or halotolerant [1] . Their cell walls contain meso-diaminopimelic acid as the diamino acid and their whole-cell hydrolysates contain galactose and arabinose as major sugars. The predominant menaquinone is MK-9(H 4 ) [1] . Diphosphatidylglycerol, phosphatidylglycerol and phosphatidylinositol or phosphatidylcholine are diagnostic polar lipids and iso-C 16 : 0 fatty acid is present in all species [1] . This genus currently comprises 14 species with validly published names, including Prauserella rugosa [2] , Prauserella halophila, Prauserella alba [3] , Prauserella aidingensis, Prauserella flava, Prauserella salsuginis, Prauserella sediminis [4] , Prauserella marina [5] , Prauserella muralis [6] , Prauserella shujinwangii [7] , Prauserella coralliicola [8] , Prauserella isguenensis [9] , Prauserella soli [10] and Prauserella endophytica [11] . They have usually been isolated from saline habitats, including salt lakes, ocean sediments and saline soils, however, reports of their presence in totally different conditions such as cow rumen and mold-colonized house wall have also been published [1] .
Petroleum hydrocarbons spillage could cause serious environmental impacts. Many microorganisms possess hydrocarbon-degradation ability [12] . For example, Prince et al. [13] listed more than 175 prokaryotic genera (Bacteria and Archaea) with hydrocarbon-metabolizing activity. In this study we propose a novel species of the genus Prauserella with crude-oil-degradation capability.
Strain RIPI T was isolated from a watery sludge sample collected from an oil-contaminated mud pit in Khangiran oil IP: 54.70.40.11
On: Fri, 28 Dec 2018 00:52:29 and gas field, in the north-east of Iran (36 33¢ 20 † N 60 47¢ 57 † E). The watery sludge sample was enriched in Bushnell-Haas mineral medium [14] amended with 5 % (w/v) NaCl and 0.1 % (v/v) crude oil. After 30 days of incubation at 30 C, the enriched culture was streaked on R2A agar [15] plates containing 5.0 % (w/v) NaCl. After 14 days of incubation, distinct colonies were purified by successive cultivations. Among these strains, a pure isolate, designated RIPI T , was obtained. Growth of RIPI T in Bushnell-Haas mineral medium amended with 5.0 % (w/v) NaCl and 0.1 % (v/v) crude oil, as the sole carbon source, verified its hydrocarbon-degrading capability. It was maintained on yeast extract-malt extract agar (ISP 2); [16] at 4 C and as glycerol suspensions (20 %, v/v) at À20 C and À80 C.
The type strains P. coralliicola DSM 45821 T , P. endophytica DSM 46655 T and P. marina DSM 45268 T were used as reference strains for comparative studies with RIPI T .
For cultural and morphological characterization, RIPI T was subjected to the methods recommended by Shirling and Gottlieb [16] and Waksman [17] . All culture media were supplemented with 5.0 % NaCl. The colour of aerial mycelium (spore mass) and substrate mycelium was determined on yeast extract-malt extract agar (ISP 2) and oatmeal agar (ISP 3) at 45 C for 3 weeks using colour chips from the ISCC-NBS charts [18] . Diffusible pigment was assayed on ISP 2, ISP 3, inorganic salts-starch agar (ISP 4) and glycerol-asparagine agar (ISP 5) media. Melanin production was assayed on peptone-yeast extract-iron agar (ISP 6) and tyrosine agar (ISP 7) at 45 C after 5 days. Spore chain morphology of a five-day-old culture grown on ISP 2 agar was investigated using a scanning electron microscope (VEGA3, TESCAN).
The organism was a Gram-stain-positive, strictly aerobic and non-acid-fast actinobacterium. The strain formed light yellow colonies and without diffusible pigment. The cultural characteristics of RIPI T on different media are listed in Table S1 (available in the online Supplementary Material). The substrate mycelium was fragmented to rod-shaped elements ( Fig. 1 ). The strain produced sparse and whitish aerial mycelium on most culture media. A phase-contrast image of aerial mycelium of RIPI T is shown in Fig. S1 .
Physiological and biochemical tests were carried out using standard methods [19, 20] at 45 C, which included oxidase and catalase activities, hydrolysis of aesculin, arbutin, gelatin, adenine, hypoxanthine, tyrosine, xanthine, xylan, Tweens 20, 40, 60 and 80, starch, casein, urea and DNA. Utilization of carbohydrates and nitrogen compounds was determined according to the methods described by Shirling and Gottlieb [16] and Williams et al. [20] , respectively. The growth temperature range was examined on ISP 2 agar at temperatures of 10-60 C at intervals of 5 C. The growth pH range was assessed on ISP 2 broth at pH 4.0-10 at intervals of 0.5 units. Values for pH 4.0-6.5, pH 6.5-8.0 and pH 8.0-10 were obtained by using 50 mM MES, HEPES and CHES buffers, respectively. Growth at different NaCl concentrations was assessed on ISP 2 agar medium containing 0, 0.5, 1.0, 2.0, 3.0, 4.0, 5.0, 6.0, 7.0, 8.0, 10, 12.5 and 15 % (w/v) NaCl. Reduction of nitrate and nitrite and production of melanoid pigment were determined by the method of the ISP [16] . Production of H 2 S was tested by growing RIPI T on ISP 6 slant agar medium at 45 C. All tests were recorded after 7-21 days. RIPI T grew over a temperature range of 25-55 C (optimum temperature 45 C) and a pH range of 6.0-9.5 (optimum pH 7) and was capable of growing over a range of NaCl concentrations from 0 to 12.5 % with optimal growth at 3.0-5.0 %. The strain reduced nitrate to nitrite, although nitrite reduction was not observed. Gelatin and casein were hydrolyzed but starch was not. Urease activity was negative. Moreover, this strain was not capable of producing H 2 S. Other phenotypic features are included in the species description and Table 1 . Some phenotypic characteristics such as temperature range and optimum for growth, pH range and optimum for growth, NaCl concentration range and optimum for growth, carbon utilization and nitrate reduction were different from those of other species of the genus Prauserella and can be used to distinguish this strain from phylogenetically related taxa (Table 1) .
Genomic DNA from RIPI T was prepared using a modification of the salting-out procedure described by Pospiech and Neumann [21] . Approximately 50-100 mg biomass of RIPI T was taken from ISP 2 broth medium and transferred to a 1.5 ml microfuge tube. Biomass was resuspended in 567 µl SET buffer [NaCl 75 mM, EDTA 25 mM (pH 8), Tris-HCl 20 mM (pH 7.5)] and mixed with lysis solution buffer which contained 100 µl lysozyme (30 mg ml À1 in 10 mM Tris, pH 8) and incubated at 37 C for one hour. Lysis was accomplished by adding 9 µl proteinase K (600 U ml À1 ), 100 µl 10 % SDS and 3 µl RNase On: Fri, 28 Dec 2018 00:52:29 (10 mg ml À1 ) followed by brief mixing and incubation at 55 C for 2 h. The lysate was centrifuged at 7500 g for 15 min. The resulting preparation was extracted according to the reference protocol. DNA was precipitated with 2propanol and rinsed with 70 % (v/v) ethanol. The pellet was dried at room temperature and the DNA was dissolved in 50 µl TE solution.
The 16S rRNA gene fragment was amplified using 9F (5¢-GAGTTTGATYMTGGCTCAG-3¢) and 1541R (5¢-AAG-GAGGTGWTCCARCC-3¢) universal primers [22] . Amplification was performed by initial denaturation at 94 C for 5 min followed by 25 cycles of 94 C for 1 min, 56 C for 1 min and 72 C for 1.5 min, and a final extension at 72 C for 10 min. The purified PCR product was sequenced in both directions using 3730/3730xl DNA Analyzers (Applied Biosystems), at Bioneer (Daejeon, South Korea). The almost-complete 16S rRNA gene sequence (1485 bp) of RIPI T was obtained and used for initial BLAST searches in GenBank and phylogenetic analysis. The identification of phylogenetic neighbors and calculation of pairwise 16S rRNA gene sequence similarity were achieved using the EzTaxon-e server (http://eztaxon-e.ezbiocloud.net; [23] ). MEGA6 software was used for phylogenetic analyses [24] and the CLUSTAL W algorithm of this software was used for sequence alignments. Neighbour-joining, minimum-evolution and maximum-likelihood methods in the MEGA6 software were used to reconstruct phylogenetic trees. In each case, bootstrap values were calculated from 1000 replications.
The results of the 16S rRNA gene sequence analysis indicated that RIPI T showed the highest degree of similarity with P. coralliicola SCSIO 11529 T (97.5 %), P. endophytica SP28S-3 T (97.5 %) and P. marina MS498 T (97.2 %). Phylogenetic analysis using the neighbour-joining algorithm (Fig. 2) revealed that RIPI T together with other species of the genus Prauserella formed a separate clade, which supported the addition of RIPI T to the genus Prauserella. Moreover, RIPI T formed a distinct branch with P. coralliicola SCSIO 11529 T , P. endophytica SP28S-3 T and P. marina MS498 T (Fig. 2) . The phylogenetic position was also confirmed by trees reconstructed using the minimum-evolution and maximum-likelihood algorithms (Fig. S3 ).
Cell biomass for comparative chemotaxonomic determinations of RIPI T was obtained by cultivation in shaken flasks containing ISP 2 broth supplemented with 5.0 % NaCl for 5 days. The biomass was harvested by centrifugation at 4000 g for 20 min, washed twice in distilled water and lyophilized. Isomers of diaminopimelic acid and wholecell sugars were determined by established TLC methods [25, 26] .
RIPI T contained meso-diaminopimelic acid as the diagnostic diamino acid. The whole-cell sugars of RIPI T mainly consisted of galactose and arabinose. The profiles of diamino acid and whole-cell sugars are similar to those of related species and the type species of the genus Prauserella [2] . Phospholipids were extracted and identified by the method of Minnikin et al. [27] . The polar lipids detected were phosphatidylethanolamine (PE), diphosphatidylglycerol (DPG), phosphatidylinositol (PI) and two unknown phospholipids (PL1-2) (Fig. S2) . The polar lipid profile of the strain differed from those of other related species by the absence of phosphatidylcholine, phosphatidylmethylethanolamine and phosphatidylglycerol [5, 8, 11] .
Extraction and purification of menaquinones were carried out by the method of Collins et al. [28] , and isoprene units were analyzed by HPLC employing a Zorbax-XDB C18 column (Agilent). The predominant menaquinone was MK-9 (H 4 ). The respiratory lipoquinone pattern of RIPI T corresponded to those of members of the genus Prauserella [5, 8 and 11] . The cellular fatty acid composition was determined at the Belgian Co-ordinated Collections of Microorganisms (BCCM/LMG) according to standard protocols as described for the Microbial Identification System (MIDI, Sherlock version 6.1). The cellular fatty acids content of RIPI T and closely related species of the genus Prauserella are shown in Table 2 . The major fatty acids composition of RIPI T was similar to those of phylogenetically closely related taxa, except that the amount of fatty acid C 16 : 0 in RIPI T was much lower than in the related species. However, differences between RIPI T and closely related species, especially with P. marina DSM 45268 T , could be seen in the composition of minor fatty acids ( Table 2) .
For determination of DNA base composition and DNA-DNA hybridization, cells were disrupted by using a Constant Systems TS 0.75 KW (IUL Instruments). The Genomic DNA G+C content of RIPI T was determined by reversedphase HPLC of nucleosides according to the method of Mesbah et al. [29] , after DNA purification on hydroxyapatite according to the procedure of Cashion et al. [30] .
The DNA G+C content was 69 mol%. This value is within the range for members of the genus Prauserella, lower than that of P. coralliicola and P. endophytica and higher than that of P. marina (Table 1) .
DNA-DNA hybridization was carried out as described by De Ley et al. [31] incorporating the modifications described by Huss et al. [32] , using a Cary 100 Bio UV/VIS spectrophotometer equipped with a Peltier-thermostat-regulated 6Â6 multicell changer and a temperature controller with an in situ temperature probe (Varian).
DNA-DNA hybridization experiments between RIPI T and P. coralliicola DSM 45821 T , P. endophytica DSM 46655 T and P. marina DSM 45268 T showed reassociation values of 28 %, 19 % and 23 % respectively. According to the 70 % threshold proposed by Wayne et al. [33] for the discrimination of prokaryotic species using DNA-DNA relatedness, these results confirmed that the novel isolate represents a novel species.
In conclusion, the phylogenetic analysis of the 16S rRNA gene sequence, menaquinone content, halotolerant response, whole-cell sugars and similar polar lipid patterns indicate that RIPI T represents a member of the genus Prauserella. However, several different physiological and biochemical characteristics, low levels of 16S rRNA gene sequence similarity and DNA-DNA hybridization values with related species in the genus Prauserella support the proposal that RIPI T represents a novel species of the genus Prauserella, for which the name Prauserella oleivorans sp. nov. is proposed. MK-9(H 4 ). Major cellular fatty acids are C 17 : 1 !6c, iso-C 16 : 0 and summed feature 3 (C 16 : 1 !7c/ iso-C 15 : 0 2-OH).
DESCRIPTION OF
The type strain is RIPI T (=IBRC-M 10906 T =LMG 28389 T ) isolated from a watery sludge sample collected from an oilcontaminated mud pit in the Khangiran oil field, north-east Iran. The DNA G+C content of the type strain is 69 % (by HPLC).
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